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Background and Purpose—Predictors of stroke and transient ischemic attack (TIA) in patients with peripheral artery 
disease (PAD) are poorly understood. The primary aims of this analysis were to (1) determine the incidence of ischemic/
hemorrhagic stroke and TIA in patients with symptomatic PAD, (2) identify predictors of stroke in patients with PAD, 
and (3) compare the rate of stroke in ticagrelor- and clopidogrel-treated patients.

Methods—EUCLID (Examining Use of Ticagrelor in Peripheral Artery Disease) randomized 13 885 patients with symptomatic 
PAD to receive monotherapy with ticagrelor or clopidogrel for the prevention of major adverse cardiovascular events 
(cardiovascular death, myocardial infarction, or ischemic stroke). Ischemic/hemorrhagic stroke and TIA were adjudicated 
and measured as incidence rates postrandomization and cumulative incidence (per patient-years). Post hoc multivariable 
competing risk hazards analyses were performed using baseline characteristics to determine factors associated with all-
cause stroke in patients with PAD.

Results—A total of 458 cerebrovascular events in 424 patients (317 ischemic strokes, 39 hemorrhagic strokes, and 102 TIAs) 
occurred over a median follow-up of 30 months, for a cumulative incidence of 0.87, 0.11, and 0.27 per 100 patient-years, 
respectively. Age, prior stroke, prior atrial fibrillation/flutter, diabetes mellitus, geographic region, ankle-brachial index 
<0.60, prior amputation, and systolic blood pressure were independent baseline factors associated with the occurrence of 
all-cause stroke. After adjustment for baseline factors, the rates of ischemic stroke and all-cause stroke remained lower in 
patients treated with ticagrelor as compared with those receiving clopidogrel. There was no significant difference in the 
incidence of hemorrhagic stroke or TIA between the 2 treatment groups.

Conclusions—In patients with symptomatic PAD, ischemic stroke and TIA occur frequently over time. Comorbidities 
such as age, prior stroke, prior atrial fibrillation/flutter, diabetes mellitus, higher blood pressure, prior amputation, 
lower ankle-brachial index, and geographic region were each independently associated with the occurrence of all-
cause stroke. Use of ticagrelor, as compared with clopidogrel, was associated with a lower adjusted rate of ischemic 
and all-cause stroke. Further study is needed to optimize medical management and risk reduction of all-cause stroke 
in patients with PAD.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT01732822.   (Stroke. 2019;50:1356-
1363. DOI: 10.1161/STROKEAHA.118.023534.)
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Stroke affects millions of people annually worldwide.1,2 In 
the United States, stroke is the fifth leading cause of death 

and annually affects over 795 000 people.1 More than one-third 
of those who experience a stroke are left permanently disa-
bled; making stroke the leading cause of long-term disability.1,2 
Treatment with antiplatelet agents is the current best practice to 
prevent ischemic stroke in all cardiovascular patients without 
known atrial fibrillation (AF), including those with lower ex-
tremity peripheral artery disease (PAD) and prior stroke.3 
However, the rates of stroke and primary risk factors for stroke 
in the setting of PAD are not well studied and may require an 
alternative approach to prevention. Indeed, many prior studies 
have failed to show consistent advantages for specific antiplate-
let agents across populations at risk.4–8 There is increasing evi-
dence that more potent antiplatelet therapy may be beneficial in 
patients with PAD and in patients with vascular disease in mul-
tiple beds. Ticagrelor in combination with aspirin was found 
to be superior to aspirin alone in reducing all-cause stroke risk 
in patients with prior myocardial infarction (MI).6,8 Ticagrelor 
was also superior to clopidogrel in reducing stroke events in 
patients with an index acute coronary syndrome (including the 
subgroup of patients with PAD).6,9 Similar advantages in stroke 
prevention were seen for clopidogrel compared with aspirin in 
patients at high risk for atherosclerotic events, especially those 
patients with PAD.8–10 These prior data suggest there may be an 
important role for more potent and dual antiplatelet therapy in 
the prevention of stroke or transient ischemic attack (TIA) and 
in patients with symptomatic PAD. Further characterization of 
stroke rates and risk factors in this population would be helpful 
in understanding the main stroke risk drivers in this population 
and lend further insight into prevention strategies.

In the current substudy from the EUCLID trial (Examining 
Use of Ticagrelor in Peripheral Artery Disease), there are 
3 primary aims: (1) to determine the incidence of all-cause 
stroke (ischemic and hemorrhagic) and TIA in patients with 
symptomatic PAD; (2) to determine the factors associated 
with all-cause stroke in patients with PAD; and (3) to eval-
uate the effect of ticagrelor compared with clopidogrel on the 
occurrence of stroke or TIA in the overall trial population.

Methods
The data, methods used in the analysis, and materials used to conduct 
the research will not be made available for purposes of reproducing 
the results or replicating the procedure.

Trial Design
EUCLID was an international, double-blind, randomized controlled 
trial that included 13 885 patients with symptomatic PAD randomized 
to receive antiplatelet monotherapy with ticagrelor or clopidogrel. The 
design of the study and the primary results have been published pre-
viously.11–13 Patients were followed closely at 3-month intervals using 
in-person and telephone visits. Median follow-up was 30 months.

Study Population
Eligible patients were required to be ≥50 years of age with lower 
extremity PAD as defined by (1) an abnormal ankle-brachial index 
(ABI) ≤0.80 at screening, or (2) prior revascularization of the lower 
extremity >30 days before randomization. Key exclusion criteria in-
cluded planned use of dual antiplatelet therapy or the use of aspirin, 
treatment with anticoagulation, poor metabolizer status for CYP2C19, 

planned revascularization (any territory), or major amputation within 
3 months. All patients provided written informed consent, and institu-
tional review boards at participating institutions approved the protocol.

Study End Points
The primary efficacy end point for the EUCLID trial was a com-
posite of cardiovascular death, MI, or ischemic stroke. The primary 
safety end point was major bleeding. Key secondary end points 
included analysis of the components of the primary end point in-
cluding the occurrence of ischemic stroke, hemorrhagic stroke, and 
TIA. End points were site-reported in an electronic web-based cap-
ture system with submission of supporting source documentation 
where applicable.

All suspected stroke and TIA events were systematically adju-
dicated by 2 trained neurologists as part of the clinical events clas-
sification process. Stroke was defined as a focal neurological deficit 
that could be attributed to a vascular territory and lasted >24 hours 
or was associated with a new lesion on computed tomography scan 
or magnetic resonance imaging. If the reviewers disagreed about an 
event, the event was then rereviewed by the clinical events classifi-
cation committee (including at least 1 neurologist) to obtain a final 
classification.

Statistical Methods
Baseline characteristics for patients who had stroke events after ran-
domization and those without stroke events are summarized using 
descriptive statistics. Categorical data are presented as frequencies 
and percentages and continuous data presented as the medians with 
25th and 75th percentiles. Event rates are reported as events per 
100 patient-years. Risk difference, defined as the ticagrelor event 
percentage minus the clopidogrel event percentage, and the corre-
sponding 95% CI of the risk difference are also provided.

There is a competing risk of death when performing nonfatal 
event analyses during clinical trials (eg, death without the occur-
rence of stroke is a competing risk for having a future stroke during 
study conduct). Therefore, competing risk survival analyses were 
performed, where the stroke end points were the events of interest 
and deaths without prior strokes were specified as competing risks. 
Competing risk models based on Fine and Gray subdistribution haz-
ards models evaluating the association of baseline characteristics with 
adjudicated all-cause stroke were used to develop a multivariable 
model.14–16 Univariate competing risk models were first used to assess 
the association of each baseline characteristic with all-cause stroke. 
Given the number of baseline characteristics evaluated, only charac-
teristics univariately significant at a 0.1 level were considered as po-
tential covariates in the multivariable model. The final multivariable 
model of all-cause stroke was developed by evaluating the potential 
baseline covariates in a stepwise fashion using a significance level of 
0.05. After the significant baseline characteristics were selected for the 
multivariable model, treatment group was included in the final model. 
Linearity assumptions for the continuous baseline characteristics were 
examined using spline functions, and there was no evidence indicating 
violations of this assumption. The proportional hazards assumption 
was evaluated using Schoenfeld residuals; variables in the final model 
met this assumption. Competing risk models were also used to assess 
the association of treatment with all-cause stroke and TIA end points. 
A multivariable competing risk model of ischemic stroke including the 
same baseline characteristics in the final multivariable model of all-
cause stroke was generated to evaluate the adjusted treatment effect. 
Multivariable models of hemorrhagic stroke and TIA were not pro-
duced due to the small number of events. In addition to the competing 
risk analyses, standard Cox proportional hazards models not taking 
into account a competing risk were generated, and the standard results 
were similar to the competing risk results. All reported hazard ratios 
(HRs; 95% CIs) and P values based on the Wald statistic are from 
competing risk models. Plots of cumulative incidence functions from 
competing risk analyses of all-cause stroke and ischemic stroke are 
provided. All statistical analyses were performed using SAS software, 
version 9.4 (SAS Institute, Inc, Cary, NC).
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Results
Of the 13 885 patients enrolled in EUCLID, a total of 458 cere-
brovascular events (ischemic stroke, hemorrhagic stroke, and 
TIA) occurred in 424 patients over a median study follow-up 
of 30 months. Patient demographic and clinical characteristics 
for those who experienced all-cause stroke and those who did 
not are shown in Table 1. Patients who experienced all-cause 
stroke were significantly older and were more likely to have 
had a prior stroke than those patients who did not experience 
a stroke. The presence of more severe PAD (as evidenced by a 
baseline ABI <0.60, the presence of prior amputation, or crit-
ical limb ischemia at study entry) was also associated with 
all-cause stroke. Additional factors including age, prior AF/
flutter, diabetes mellitus, and higher systolic blood pressure 
were found to be significantly associated with future cerebro-
vascular events. Finally, residing in the Central/South America 
region was associated with decreased risk, whereas residing in 
Asia was associated with an increased risk, when compared 
with patients in North America.

Overall Event Rates
The occurrence of all neurological events is shown in Table 2. 
The cumulative incidence of ischemic stroke was 0.87 per 100 
patient-years, hemorrhagic stroke was 0.11 per 100 patient-
years, TIA was 0.27 per 100 patient-years, and all-cause 
stroke and TIA was 1.24 per 100 patient-years. A graphic rep-
resentation is shown in the Figure.

Risk in Patients With Coronary Artery Disease  
and Prior Stroke
When evaluating subgroups of patients with prior coronary 
artery disease and prior stroke (Table 3), those with a prior 
history of coronary artery disease conferred some increase in 
risk when compared with patients with PAD alone (rate of all-
cause stroke per 100 patient-years; 0.97 PAD+coronary artery 
disease versus 0.84 PAD alone). Those patients with a prior 
history of stroke had a 2.5-fold higher rate of stroke during 
follow-up when compared with patients with PAD alone (rate 
of all-cause stroke per 100 patient years; 2.18 versus 0.84). 
However, patients with PAD and coronary artery disease and 
prior stroke had the highest rate of all-cause stroke at 2.24 per 
100 patient-years.

Factors Associated With All-Cause Stroke
Using multivariable competing risk hazards models, the base-
line factors that were significantly associated with all-cause 
stroke included age, prior stroke, prior AF/flutter, diabetes 
mellitus, geographic region, baseline ABI <0.60, prior ampu-
tation, baseline systolic blood pressure, and treatment assign-
ment (Table 4).

Effect of Ticagrelor When Compared With  
Clopidogrel
The primary end point of cardiovascular events (cardiovas-
cular death, MI, and ischemic stroke) was similar between the 
ticagrelor and clopidogrel arms in the EUCLID trial.12 The un-
adjusted rates of ischemic stroke (1.9% versus 2.4%) and all-
cause stroke (2.2% versus 2.7%) were lower with ticagrelor 

when compared with clopidogrel (Table 5; Figure). After 
adjustment for baseline factors, the rates of ischemic stroke 
(adjusted hazard ratio, 0.78; 95% CI, 0.62–0.98; P=0.032) 
and all-cause stroke (adjusted hazard ratio, 0.80; 95% CI, 
0.64–0.99; P=0.038) remained lower in patients treated with 
ticagrelor as compared with those receiving clopidogrel. 
There was also no significant difference in the incidence of 
hemorrhagic stroke (HR, 0.955; 95% CI, 0.51–1.79; P=0.886) 
or TIA (HR, 1.07; 95% CI, 0.72–1.60; P=0.737) between the 
2 treatment groups (Table 5).

Absolute Risk Differences
The absolute risk difference, defined as the ticagrelor event 
percentage minus the clopidogrel event percentage, and the 
corresponding 95% CIs of the risk difference are shown in 
Table I in the online-only Data Supplement. Importantly, the 
risk differences for ischemic stroke (−0.54%; 95% CI, −1.02 
to −0.06) and all-cause stroke (−0.55%; 95% CI, −1.07 to 
−0.04) favoring ticagrelor were consistent, whereas no risk 
difference existed for TIMI (Thrombolysis in Myocardial 
Infarction) major bleeding (0.06%; 95% CI, −0.35 to 0.48) or 
hemorrhagic stroke (−0.01%; 95% CI, −0.35 to 0.48).

Discussion
In the current study, we report 3 key findings about all-cause 
stroke in patients with PAD enrolled in the EUCLID study. 
First, the rate of all-cause stroke was 2.4% among patients 
with symptomatic PAD during a mean study follow-up of 30 
months. Second, baseline characteristics that were independ-
ently associated with all-cause stroke included many known 
clinical comorbidities including older age, prior stroke, prior 
AF/flutter, diabetes mellitus, geographic region, more severe 
PAD (including baseline ABI <0.60 and history of amputa-
tion), and baseline systolic blood pressure. Finally, ticagrelor 
was associated with overall lower rates of all-cause stroke and 
ischemic stroke, and the rate of hemorrhagic stroke was sim-
ilar in patients treated with ticagrelor and clopidogrel.

The rate of stroke events in the current study (2.4% over 
30 months) is similar to the rate reported in other trials of 
patients at risk for stroke with documented vascular disease 
on potent antiplatelet agents (2%–5%).10,17 Risk of stroke is 
highest in the acute period following a stroke or TIA, rang-
ing from 6% to 11% of study participants5,7,18 compared with 
patients outside of the acute poststroke setting and patients 
with multiple cardiovascular risk factors for which the rates 
are somewhat lower (3%–6%). The lowest rates have been 
observed in the post-MI setting (≤2%).8,19 These differences in 
event rates likely reflect the differences in the enrolled popula-
tions and the risk related to the various mechanisms of stroke. 
This is evidenced by the high rate of all-cause stroke in the 
patients with a prior history of stroke (5.2%) when compared 
with patients without a prior history of stroke (2.2%), and the 
differences in rates between the different cohorts within the 
EUCLID study (Table 3).

In our assessment of factors that confer risk for all-cause 
stroke, we found that baseline factors including age, prior 
stroke, prior AF/flutter, diabetes mellitus, geographic region, 
baseline ABI <0.60, prior amputation, and baseline systolic 
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Table 1. Univariate Competing Risk Models Evaluating the Association of Each Baseline Characteristic With All-Cause Stroke

Baseline Characteristic Patients With Stroke (N=339) Patients Without Stroke (N=13 546) P Value

Age, median (25th, 75th), y 69.0 (63.0, 74.0) 66.0 (60.0, 73.0) <0.001*

Women 87/339 (25.7) 3801/13 546 (28.1) 0.356

Race

    White 253/339 (74.6) 11 057/13 546 (81.6)  

    Black 16/339 (4.7) 553/13 546 (4.1) 0.365

    Asian 63/339 (18.6) 1571/13 546 (11.6) <0.001*

    Other 7/339 (2.1) 365/13 546 (2.7) 0.694

Hispanic or Latino ethnicity 37/339 (10.9) 2076/13 546 (15.3) 0.058*

Weight, median (25th, 75th), kg 75.0 (65.0, 86.3) [N=326] 76.5 (66.2, 88.0) [N=13 075] 0.132

BMI, median (25th, 75th), kg/m2 26.4 (23.4, 29.7) [N=325] 26.8 (23.9, 30.1) [N=12 971] 0.160

Region <0.001

    North America 80/339 (23.6) 2965/13 546 (21.9)  

    Europe 172/339 (50.7) 7326/13 546 (54.1) 0.334

    Asia 63/339 (18.6) 1539/13 546 (11.4) 0.011*

    Central/South America 24/339 (7.1) 1716/13 546 (12.7) 0.013*

Major inclusion criteria

    ABI/TBI 137/339 (40.4) 5873/13 546 (43.4)  

    Prior lower extremity revascularization 202/339 (59.6) 7673/13 546 (56.6) 0.345

Baseline ankle-brachial index <0.60 3879/13 323 (29.1) 119/331 (36.0) 0.005*

Limb symptoms on study entry 0.001

    Asymptomatic 66/339 (19.5) 2535/13 543 (18.7)  

    Mild/moderate claudication 153/339 (45.1) 7257/13 543 (53.6) 0.173

    Severe claudication 92/339 (27.1) 3136/13 543 (23.2) 0.406

    Critical limb ischemia 28/339 (8.3) 615/13 543 (4.5) 0.012*

Prior amputation of lower extremity due to 
symptomatic PAD

36/339 (10.6) 930/13 544 (6.9) 0.005*

Prior major amputation (above the ankle) 12/338 (3.6) 327/13 500 (2.4) 0.172

Prior minor amputation (ankle disarticulation 
and below)

24/338 (7.1) 581/13 500 (4.3) 0.010*

Prior stroke 60/339 (17.7) 1083/13 544 (8.0) <0.001*

Prior TIA 13/339 (3.8) 494/13 544 (3.6) 0.878

Prior stroke or TIA 68/339 (20.1) 1468/13 544 (10.8) <0.001*

History of carotid stenosis 69/316 (21.8) 2352/12 789 (18.4) 0.136

Prior carotid revascularization 31/339 (9.1) 993/13 544 (7.3) 0.239

History of carotid stenosis or prior carotid 
revascularization

69/316 (21.8) 2458/12 801 (19.2) 0.269

Prior atrial fibrillation/flutter 25/339 (7.4) 471/13 544 (3.5) <0.001*

Prior myocardial infarction 73/339 (21.5) 2449/13 544 (18.1) 0.103

Prior PCI 55/339 (16.2) 2118/13 544 (15.6) 0.799

Prior stent 50/339 (14.7) 1918/13 544 (14.2) 0.786

Prior CABG 41/339 (12.1) 1495/13 544 (11.0) 0.567

Prior PCI or CABG 81/339 (23.9) 3138/13 544 (23.2) 0.795

Prior carotid or coronary revascularization 98/339 (28.9) 3717/13 544 (27.4) 0.601

Prior coronary artery disease 109/339 (32.2) 3923/13 544 (29.0) 0.213

(Continued )
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blood pressure were significant predictors of the occurrence of 
all-cause stroke in patients with PAD. These factors are sim-
ilar to prior reports of at-risk populations, including patients 
with PAD, treated with antiplatelet therapy.3,19 It is interesting 
to note that many of these factors are not directly responsive 
to antiplatelet therapy (ie, age and AF), or are associated with 
small vessel stroke types (ie, diabetes mellitus), which are 
also generally considered less responsive to antiplatelet treat-
ment.20 This results in the majority of benefit of potent anti-
platelet therapy being observed early after an index stroke.21 
These stroke events clinically represent treatment failures for 
antiplatelet monotherapy and highlight the residual risk that 
patients with PAD have, and factors that need to be considered 
in optimizing clinical management, as well as identification 
of target populations in subsequent trial design. Surprisingly, 
some common risk factors generally associated with increased 
stroke risk such as body mass index >30 kg/m2, prior MI, prior 

carotid or coronary revascularization, and hyperlipidemia 
were not found to be significantly associated with stroke 
events in this PAD population, likely highlighting the burden 
of atherosclerosis in this group of patients.3,22

Our observations on risk variation by region are also in-
triguing. While there are many suggested factors to the re-
gional and geographic differences in stroke prevalence, there 
has not been a clearly identified explanation.23,24 The various 
studies are difficult to compare due to methodological differ-
ences and the heterogeneity of the prime risk factors including 
hypertension, diabetes mellitus, and dyslipidemia.25 However, 
the relationship of these factors and additional factors such as 
patient and clinician awareness of stroke, access to care, and 
social determinants of health are also important to consider.25 
Data from EUCLID are insufficient to explore these regional 
differences in stroke risk and suggest that further work needs 
to be done to fully explore these observations.

Finally, we explored the effect of ticagrelor compared with 
clopidogrel to reduce the rate of stroke in patients with sympto-
matic PAD. We found that ticagrelor use was associated with a 
greater reduction in all-cause stroke and ischemic stroke when 
compared with clopidogrel without any associated increase in 
bleeding risk. This effect was observed despite the fact that no 
difference existed between therapies to reduce the composite 
of cardiovascular death, MI, or ischemic stroke in the overall 
EUCLID trial.12 Similar results have been seen for ticagrelor 
in acute secondary prevention of ischemic stroke when com-
pared with aspirin alone.5 These results from the SOCRATES 
trial (Acute Stroke or Transient Ischaemic Attack Treated 
With Aspirin or Ticagrelor and Patient Outcomes) suggest that 
more potent antiplatelet therapy may be particularly beneficial 

Table 2. Cerebrovascular Event Rates for Patients With All-Cause Stroke or TIA 
End Points

Event Type
No. of 
Events

No. of Patients 
(%)*

Event Rate/100 
Patient-Years

All-cause stroke or TIA 458 424 (3.1) 1.24

All-cause stroke 356 339 (2.4) 0.99

    Ischemic stroke 317 300 (2.2) 0.87

    Hemorrhagic stroke 39 39 (0.3) 0.11

TIA 102 95 (0.7) 0.27

TIA indicates transient ischemic attack.
*Percentages are the percentage of total patients.

No. of vascular beds 0.002*

    1 170/339 (50.1) 7634/13 546 (56.4)  

    2 116/339 (34.2) 4572/13 546 (33.8)  

    3 53/339 (15.6) 1340/13 546 (9.9)  

Diabetes mellitus 166/339 (49.0) 5179/13 544 (38.2) <0.001*

Hypertension 274/339 (80.8) 10 583/13 544 (78.1) 0.261

Hyperlipidemia 262/339 (77.3) 10 218/13 544 (75.4) 0.479

Current smoker 113/339 (33.3) 4176/13 464 (31.0) 0.381

Baseline SBP, median (25th, 75th), mm Hg 140 (130, 152) [N=331] 137 (127, 149) [N=13 387] <0.001*

Baseline DBP, median (25th, 75th), mm Hg 80.0 (70.00, 85.00) [N=331] 80.0 (70.00, 84.00) [N=13 387] 0.885

Prior aspirin 217/339 (64.0) 9054/13 544 (66.8) 0.289

Prior clopidogrel 128/339 (37.8) 4345/13 544 (32.1) 0.031*

Prior statin 243/339 (71.7) 9938/13 546 (73.4) 0.436

Prior ACE inhibitor 127/339 (37.5) 5508/13 546 (40.7) 0.211

Prior angiotensin receptor blocker 89/339 (26.3) 3399/13 546 (25.1) 0.629

Prior cilostazol 52/339 (15.3) 2043/13 546 (15.1) 0.825

Data are n/N (%) unless otherwise indicated. ABI indicates ankle-brachial index; ACE, angiotensin-converting enzyme; BMI, body mass 
index; CABG, coronary artery bypass grafting; DBP, diastolic blood pressure; PAD, peripheral artery disease; PCI, percutaneous coronary 
intervention; SBP, systolic blood pressure; TBI, toe-brachial index; and TIA, transient ischemic attack.

*Univariately significant with a P value ≤0.10 and considered in the multivariable model.

Table 1. Continued

Baseline Characteristic Patients With Stroke (N=339) Patients Without Stroke (N=13 546) P Value
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in patients with PAD acutely after a cardiovascular event. 
Indeed, studies in which combination antiplatelet therapy is 
given acutely, within 24 hours of an event, resulted in reduced 
rates of recurrent MI and stroke.9,21

This study has several limitations. EUCLID was not 
designed as a dedicated stroke prevention trial and, as a re-
sult, the patients who had a stroke experienced a combination 

of primary and secondary stroke events. In EUCLID, ≈8% of 
patients had prior stroke and are overrepresented in the group 
that had a subsequent stroke event during the trial. Indeed, 
patients with an established stroke mechanism are at very high 
risk for a subsequent stroke and dominated this stroke cohort 
(17.7% with prior stroke in stroke cohort versus 8% in the 
nonstroke cohort). The cohort also included patients with a 
history of AF, a key stroke risk factor, for which consensus 
guidelines would suggest therapeutic anticoagulation when 
possible. Since none of the patients in the trial were on anti-
coagulation (this was an exclusion for the parent trial), they 
remained at high risk and are thus also overrepresented in the 
stroke cohort (7.4% of stroke cohort versus 3.5% of nonstroke 
cohort). Finally, follow-up data were not available to assess 
the impact of stroke on functional status (eg, modified Rankin 
Scale) or major disability in EUCLID.

Implications for Future Trials
The current results, and results from other clinical trials, sug-
gest that prevention of stroke as an end point may be different 

Figure. The cumulative incidence of all-cause 
stroke and ischemic stroke by treatment group 
over time are plotted. Top, Cumulative inci-
dence % for all-cause stroke by treatment 
group. Bottom, Cumulative incidence % for is-
chemic stroke by treatment group. HR indicates 
hazard ratio.

Table 3. Rates for All-Cause Stroke for 4 Major Cohorts of the EUCLID Study 
(Examining Use of Ticagrelor in Peripheral Artery Disease) Population

Cohort
Patients 

With Stroke
Patients 

Without Stroke

Stroke 
Rate/100 

Patient-Years

PAD+prior CAD (no prior stroke) 87 3538 0.97

PAD+prior stroke (no prior CAD) 38 698 2.18

PAD+prior CAD+prior stroke 22 385 2.24

PAD only=no prior CAD and no 
prior stroke

192 8923 0.84

CAD indicates coronary artery disease; and PAD, peripheral artery disease.
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from other cardiovascular events (eg, nonfatal MI) within an 
at-risk population of patients with symptomatic PAD. Similar 
findings have been noted in other substudies that have looked 
at stroke in isolation from other cardiovascular events such 
as MI, cardiovascular death, or composite cardiovascular end 
points.8,9 Furthermore, studies looking at early prevention after 
acute stroke or TIA found that dual antiplatelet therapy is gen-
erally better than monotherapy,5,21 suggesting that long-term 
prevention differs from acute prevention and that strategies 
need to be adjusted based on when they are initiated relative 
to the initial vascular event. Future trials are needed to confirm 
this clinical approach and should aggressively address other 
stroke risk factors such as diabetes mellitus, hyperlipidemia, 
and hypertension in a standardized fashion, as these factors 
can result in high numbers of small vessel strokes that may 
not be as responsive to potent antiplatelet therapy over time.

Conclusions
We have demonstrated that all-cause stroke occurred in 2.4% 
of patients with symptomatic PAD in the EUCLID trial. 
Independent baseline factors associated with all-cause stroke 
included age, prior stroke, prior AF/flutter, diabetes mellitus, 
geographic region, baseline ABI <0.60, prior amputation, and 

baseline systolic blood pressure. Ticagrelor was also associ-
ated with a significantly lower incidence of ischemic stroke 
and all-cause stroke when compared with clopidogrel, but 
these results are limited by the overall absence of benefit for 
ticagrelor on the primary composite end point of the EUCLID 
trial. Further prospective study is needed to understand how 
to prevent all-cause stroke in high-risk populations such as 
patients with PAD.
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